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THE PICTURES ON THE COVER
U sing a good  purebred boar is a necessary step in the 
successful use o f crossbreeding for commercial pork produc­
tion. The boar shown on the cover page was reserve 
champion Poland China at the 1938 National Swine 
Show. The crossbreds at the top of the cover page are 
Poland China x  Hampshires on an Iow a farm in Boone 
County. 1
2
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SUMMARY
The following statements concern the average results. There 
was much individual variability from litter to litter and from pig 
to pig even in the same litter, both among crossbreds and among 
purebreds.
The results obtained at the Iowa Agricultural Experiment 
Station involve 1,015 pigs farrowed in 108 litters. These data in­
clude the Landrace x  Poland China crosses as well as those made 
with the Duroc Jersey, Poland China, and Yorkshire breeds.
The percentage o f stillborn pigs was smaller among the cross- \ 
breds than among the purebreds.
Crossbred pigs were somewhat more vigorous at birth than 
purebreds, as shown by their ability to survive until weaning age.
Crossbred pigs averaged about 3 or 4 pounds heavier at weaning 
time than purebreds. The weaning weight o f crossbred litters 
averaged more than for comparable purebred litters, partly be­
cause o f the larger size o f the pigs in the crossbred litters and 
partly because the crossbred litters on the average contained slight­
ly more pigs at weaning time.
Crossbred pigs gained about .09 to .12 pounds more per day 
while in the feed lot than purebreds, which means a saving o f 
about 10 days to 2 week’s time in getting them to a weight of 
225 pounds.
Crossbreds-reached a weight o f 225 pounds on 25 to 30 pounds 
less feed than was required by purebreds.
The crossbred sows observed in this study proved to be efficient 
pig producers, either when mated back to a boar of one o f the 
parent breeds or to a boar o f a third breed. When sired by a pure­
bred boar the pigs from the crossbred sows, either backcross or 
three-breed cross, compared favorably with the first-cross pigs.
There is some general reason to suppose that breeds differ in 
their response to crossing and also that families or strains within 
breeds differ, but not enough evidence to determine which breeds 
can be expected to cross best with each' other, nor whether dis­
tinct families which cross better than others exist and can be iden­
tified and maintained within pure breeds.
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Crossbreeding can be continued as a steady policy only by going 
to purebred herds for the boars needed for replacement. Cross­
bred animals have a lower value than purebreds as transmitters 
o f inheritance. Crossbred sows may be used successfully for 
breeding if the boar is a purebred. In this way the hybrid vigor 
o f the crossbred dam in nursing and rearing pigs may express itself 
enough to more than compensate for her lower value as a trans­
mitter o f inheritance. No such offset for his lowered transmit­
ting value could exist in the case o f a crossbred boar. Planless and 
unsystematic crossing may quickly result in a mongrel herd from 
which the owner will get neither profit jior pride o f ownership.
4
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Crossbreeding Hogs For Pork 
Production1
B y  J. L. L u s h , P . S. S hearer  a n d  C. C. C ulbertson2
Some 11 or 12 million slaughter hogs are produced on Iowa 
farms each year. The sale o f these hogs produces the largest 
single item (about 40 percent) o f the annual farm income o f the 
state. Any procedure that will produce these hogs more efficiently 
will increase the net income o f the farmer who uses it, as well as 
that of the state as a whole.
Crossbreeding for the production o f market animals has been 
practiced for many years, not only with hogs but with other 
classes o f livestock as well. Crossbreeding o f cattle and sheep has 
been practiced in Scotland for more than a century, particularly 
in the border regions where female stock for replacements can 
be obtained cheaply from more northerly regions, and the cross­
bred offspring are sold toward the industrial markets farther south. 
Many sheepmen in the northwestern states practice crossbreeding 
to produce market lambs. For more than 40 years Danish farmers 
have been urged to cross Yorkshire boars on Landrace sows to 
produce bacon hogs for their export trade. Perhaps as many as 
10 percent of the pigs killed in the Danish bacon factories are 
crossbreds o f this kind. A  considerable number o f crossbred hogs 
are produced each year on our Corn Belt farms.
Some breeders o f livestock have opposed the use o f crossbreed­
ing, claiming that its continuous use would result in a lowering o f 
the general quality of livestock on farms and that it might cause 
the present pure breeds to be lost and replaced by unprofitable 
mongrels. This would not be true with crossbreeding plans in 
which one or both parents are always purebred. The market for 
purebred boars would be as large as if every farmer were contin­
uously grading toward one breed, and under either system about 
the same number of people would be buying purebred sows to es­
tablish new herds to supply the demand for the purebred boars.
1 Projects 34, 361 and 402 of the Iowa Agricultural Experiment Station.
2 The authors wish to express appreciation to Prof. E. L. Quaife for data fur­
nished by him on the Iowa Pig Crop Contest; to Prof. A. L. Anderson for assistance 
in interpreting the data; to A. E. Molln for making most of the computations and 
helping prepare the manuscript; and to W. E. Hammond who supervised the experi­
mental breeding and feeding operations.
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EXPERIMENTAL WORK AT THE IOWA STATION
The experimental work at the Iowa Agricultural Experiment 
Station was in two parts. The first was conducted during the 8 
years from 1926 to 1933, inclusive. The second part, dealing 
with Landrace and Poland China crosses, was done in 1936 and 
1937. This work was an attempt to answer the following ques­
tions :
if  Are crossbred pigs more vigorous at birth thkn purebreds?
2. Wall crossbred litters have a larger percentage o f pigs saved 
to weaning time?
3. Do crossbred pigs make faster gains during the suckling and 
feeding periods than do purebreds?
4. Do crossbred pigs require less feed per pound of gain than 
purebreds ?
5. Can crossbred gilts be used successfully to produce market 
hogs?
1926 TO 1933 ;»
Plan
In 1926, when the work was started at the Iowa Station, six 
Poland China sows were “ double-mated” to a purebred Poland 
China and a purebred Duroc Jersey boar in the same heat period. 
This type of mating was used in order to produce both purebred 
and crossbred pigs in the same litter, thus reducing to a minimum 
the effect o f the differences between sows as dams of the two 
kinds o f pigs. The purebred and crossbred pigs from this sort 
o f mating are easily identified by their color markings because the 
'crossbred pigs are light red or sandy with numerous black spots.
In order to avoid any influence o f the order of service, the boars 
were alternated. That is, if the first sow was first served by the 
Poland China boar the next sow was first served by the Duroc 
Jersey boar. Neither order of service nor breed of boars proved 
to be important in determining the distribution of crossbreds and 
purebreds within double-mated litters of pigs, although the distribu­
tion was not a truly random matter (table 9 in Appendix). Lit­
ters in which all or most o f the pigs were of the same kind occurred 
too frequently to be explained by chance variation. Certain indi­
vidual boars seemed to have the ability to sire more than their 
share of the pigs in a given group of double-mated litters, regard­
less o f order o f service.
6
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The pigs in each litter were kept together during the suckling 
period. At weaning time (60 days) the purebreds and the cross­
breds were separated and fed to an average weight o f 225 pounds. 
Since only a part of the pigs weaned could be carried through the 
remainder o f the experiment, the pigs selected for the feed lot 
were as nearly representative as possible o f the group in which 
they were weaned. Only five litters were actually represented in 
the first year’s work because one o f the sows died during the suck­
ling period and her pigs were raised as orphans.
In 1927, the second year o f the work, the same general plan was 
used. Six Poland China sows were double-mated to a Poland 
China and a Duroc Jersey boar. In addition, three o f the cross­
bred gilts saved from the litters farrowed in the previous year’s 
work were mated to the Poland China boar and three other cross­
bred gilts from the same source were mated to the Duroc Jersey 
boar. One of the gilts o f the latter group did not settle to the 
first service o f the Duroc Jersey boar and was not continued in the 
experiment.
In 1928, five purebred Duroc Jersey gilts were used instead of 
the Poland Chinas. Instead of the crossbred gilts used in the 1927 
work, three of the three-quarter Poland China (one-quarter Duroc 
Jersey) gilts farrowed in the spring o f that year were mated to 
the purebred Poland China boar, and three o f the three-quarter 
Duroc Jersey (one-quarter Poland China) gilts were mated to the 
purebred Duroc Jersey boar. This was done to find whether these 
backcross gilts had all or part o f the hybrid vigor that was shown 
by the first-cross gilts. Some of the “ seven-eighths blood”  gilts 
from these litters were saved and used for further “ grading up”  
the next year. In that year, 1929, five purebred Duroc Jersey 
sows were used, along with the high grade gilts just mentioned. 
Two of the purebred sows were removed from the experiment, 
one because o f death and one because o f a retained placenta. The 
three remaining purebred sows farrowed only three crossbred 
pigs, only two o f which reached weaning age. Consequently there 
are practically no data on crossbred pigs ior  that year.
In 1930, the high-grade gilts from the 1929 grade litters were 
saved and used as breeding stock. These gilts were fifteen-six­
teenths pure Poland China or Duroc Jersey, and both kinds were 
double-mated to boars of both breeds to produce the crossbred and
7
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near-purebred pigs for comparison.
In 1931, a new cross was introduced to determine whether the 
hybrid vigor observed in the crossbred animals was changed by 
further out-crossing. A  Yorkshire boar, a Duroc Jersey boar and 
a Poland China boar were used in various combinations with the 
Duroc Jersey and the Poland China sows and with the Poland 
China-Duroc Jersey crossbred sows. The Yorkshire boar was sin­
gle-mated to one of the Poland China sows as a test mating to 
determitie whether he was pure (homozygous) for the white color. 
I f  this mating had produced any pigs which were not white it 
would have invalidated the double-matings in which the Yorkshire 
boar was used, because the Yorkshire crossbreds might not be dis­
tinguishable from their purebred litter mates. Such double mat­
ings were made by using the Yorkshire and the Poland Ch na boar 
on three crossbred Poland China-Duroc Jersey sows, and on a 
high grade Poland China sow. The Yorkshire boar was also used 
with a Duroc Jersey boar in double-matings with thr^e almost 
purebred Duroc Jersey gilts.
TABLE 1  NUMBER AND TYPE OF MATINGS MADE EACH YEAR AND 
NUMBER AND BREEDING OF PIGS PRODUCED.
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pigs produced
1926 6 Poland China Double Poland and Duroc 23 purebred 38 crossbred
1927 6 Poland China Double Poland and Duroc 35 purebred 26 crossbred
2 Poland x Duroc Single Duroc 19 Vi 'Duroc— )4 Poland
3 Poland x Duroc Single Poland 31 Poland^—54 Duroc
1928 S Duroc Jersey Double Poland and Duroc 11 purebred 37 crossbred
3 H Duroc Tersev Single Duroc 25 ¡4 Duroc— 54 Poland
3 H Poland China Single Poland 16 H Poland— % Duroc
1929 S Duroc Jersey Double Poland and Duroc 56 purebred 6 crossbred
2 74 Duroc Tersev Single Duroc 21 Jt Duroc-— Poland
3 Poland China Single Poland 22 I f Poland— fs Duroc
1930 3 It Poland China Double Poland and Duroc 3 purebred* 25 crossbred
3 i f  Duroc Jersey Double Poland and Duroc 26 purebred* 6 crossbred
1931 1 Poland China* Single Yorkshire 10 crossbred
3 Poland x Duroc Double Yorkshire and Poland 13 backcross 15 3-way cross
3 Duroc Jersey* Double Yorkshire and Duroc 11 purebred* 15 crossbred
1 Poland China* Double Yorkshire and Poland 3 purebred* 8 crossbred
1932 5 Poland x Duroc Double Yorkshire and Poland 14 backcross 36 3-way cross
6 Poland China* Double Yorkshire and Poland 43 crossbred
1933 S Poland x Duroc Double Yorkshire and Poland 8 backcross 55 3-way cross
3 Poland China* Double Yorkshire and Poland 6 purebred* 27 crossbred
* Very high grade (.97 or more, purebred).
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In 1932 and 1933, the Yorkshire crossbreeding was continued 
much the same as in 1931, except that only the Yorkshire and the 
Poland China boars were used. In these years the pigs were fed 
to 225 pounds in the Swine Record o f Performance experiment 
and not as a separate part o f the crossbreeding experiment.
Table 1 gives a summary o f the number and type o f matings 
made each year and the number and breeding o f the pigs produced.
The main difference in the feeding and management o f the 
pigs fed in 1932 and 1933 was that under Record o f Performance 
conditions the pigs were kept in small, dry lots with concrete floors, 
while .n previous years the pigs from the crossbreeding experiment 
were fed out on bluegrass. pasture. There was also a slight differ­
ence in the ration. For the first 6 years the ration w as:
** Shelled corn, self-fed
Supplemental mixture, self-fed 
Tankage 50 percent 
Corn oilmeal 25 percent 
Alfalfa meal 25 percent 
Mineral mixture, self-fed 
Common salt 19.99 percent 
W ood ashes 39.98 percent 
Bone black 39.98 percent 
Potassium iodide .05 percent 
The last 2 years the following ration was fe d :
Shelled corn, self-fed 
Supplemental mixture, self-fed 
Tankage 50 percent 
Linseed oilmeal 25 percent.
A lfalfa meal 25 percent 
Mineral mixture, self-fed 
Ground limestone 50.00 percent 
Special bone meal 27.97 percent 
Common salt 20.00 percent 
Iron oxide 2.00 percent 
Copper sulphate .01 percent 
Potassium iodide .02 percent
Experimental Results
The results of the experiments are summarized by years in 
table 2. Each year s work constitutes an experiment in itself.
9
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TABLE 2. SUMMARY OF PERFORMANCE OF PIGS ON EXPERIMENT.
Year Breeding of pigs
Pigs farrowed Pigs weaned Pigs fed to 225 pounds
Total
number
farrowed
Average
birth
weight
Number 
weaned 
(at 60 days}
Average
weaning
weight
Number
fed
Average 
daily gain 
in pounds
Pounds of 
feed per 
100 lbs. gain
1926 Litter mates._J Purebred Poland China 23 2.85 13 36.3 13 1.33 343
| Crossbred Poland-Duroc 38 2.77 27 37.3 13 1.43 325
1927 Litter mates.... ) Purebred Poland China 35 . 2.90 21 37.7 19 1.30 406
\ Crossbred Poland-Duroc 26 2.74 15 43.3 15 1.36 358
Three-quarter Poland 31 2.84 26 27.3 24 1.15 411
Three-quarter Duroc 19 2.90 19 32.6 19 1.20 370
1928- Litter mates.... j Purebred Duroc Jersey 11 2.91 7 33.3 7 1.31 316
{ Crossbred Poland-Duroc 37 3.56 28 33.7 7 1.35 322
Seven-eighths Poland 16 3.39 13 42.2 11 1.31 401
Seven-eighths Duroc 25 2.81 18 34.0 18 1.29 364
1929 Litter mates._j Purebred Duroc Jersey 56 3.00 22 • 35.3 7 1.03 432
I Crossbred Poland-Duroc 6 3.43 3 z 35.3 0
Fifteen-sixteenths Poland 22 2.89 14 38.6 9 1.24 407
Fifteen-sixteenths Duroc 21 2.44 17 39.1 12 1.07 398
1930 Litter mates.... J Purebred Poland China 3 2.67 3 26.7 0
j  Crossbred Poland-Duroc 25 3.05 19 37.1 12 1.44 327
Litter mates._ ) Purebred Duroc Jersey 26 3.16 20 32.4 9 1.44 316
( Crossbred Poland-Duroc 6 3.73 6 47.8 6 1.58 308
1931 Litter mates__ ( Purebred Poland China 3 2.77 3 27.3 0
\ Crossbred Poland-Yorkshire 8 2.82 7 28.4 0
Crossbred Poland-Yorkshire 10 2.66 8 41.4 0
Litter mates__ ( Three-quarter Poland China 13 2.90 11 34.7 9 1.46 290
i Three-breed crossbreds 15 2.83 15 32.3 8 1.39 370
Litter mates..... j Purebred Duroc Jersey 11 2.78 8 37.1 7 1.46 349
1 Crossbred Duroc-Yorkshire 15 2.67 12 36.1 8 1.27' 341
1932 Litter mates.... ( Three-quarter Poland China 14 2.87 12 39.0 0 .....
\ Three-breed crossbreds 36 3.10 33 37.7 4 1.73 334
Crossbred Poland-Yorkshire 43 3.13 40 43.7 4 1.64 346
1933 Litter mates.... \ Purebred Poland China 6 2.45 3 22.3 0
1 Crossbred Poland-*Yorkshire 27 2.80 20 44.8 4 1.41 373
Litter mates.... 1 Three-quarter Poland China 8 3.02 -* 8 49.2 4 1.35 394
1 Three-breed crossbreds- 55 2.85 ■ 38 45.8 4 1.62 346
All years All breeds 690 2.95 509 37.6 253 1.32 364
10
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Pigs fed in different years may not be satisfactorily comparable 
with each other because o f the fluctuations o f conditions from 
year to year. That is, a difference that was found to exist between 
the purebred Poland China pigs o f 1926 and the crossbred Poland- 
Duroc of 1927 might have been due to some factor that made 
all the pigs o f one year higher or lower than the pigs o f another 
year. Most dependable comparisons are those between litter 
mates which were by different sires; that is, between pigs of 
different breeding but born in the same “ double-mated”  litter. 
Such comparisons are marked in table 2 as “ litter mates” although 
they are, o f course, a group o f double-mated litters.
The differences between birth weights o f the purebreds and 
the crossbreds were not perfectly consistent but in six out of the 
nine times when such comparisons were possible the crossbreds 
were heavier. In the three comparisons when the purebreds were 
heavier the differences were smaller than average.
Figure 1 is a summary of all birth weights for the 8 years. 
Some o f these groups are small and appear in only one or two 
o f the yearly experiments. However, where a type o f breeding
7. YORE. 50 50 SO
PERCENTAGE OP BLOOD FROM EACH BREED
Fig. 1. Average birth weights of pigs of different kinds of breeding.
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Fig. 2. Vitality or mortality of the pigs of different kinds of breeding.
does appear in several different experiments the irregularities 
due to year-to-year differences are likely to be smoothed out to 
some extent, making it probable that the averages represented in 
this figure more nearly show the true picture than a comparison 
between any 2 years would do. This is also true o f figs. 2 to 5.
As these pigs were weighed at birth they were also given a score 
to represent the relative vigor of the pigs. In the opinion o f those 
who did the scoring the crossbreds were generally'a little more 
vigorous at birth than their purebred litter mates. Perhaps a 
more objective measure o f vigor at birth can be had from the 
ability o f the pig to survive until weaning time. This ability of 
the different types of pigs is summarized, on a percentage basis, 
in fig. 2, which also shows the percentage of all pigs farrowed 
that were farrowed alive. According to this measure the pigs 
from the various crosses were slightly more vigorous than the 
purebreds.
The average weaning weights (table 2 ) were higher for the 
crossbreds in seven of the nine cases in which a direct comparison 
of crossbreds and purebreds farrowed in the same litter was 
possible. In one o f the two remaining cases the average weaning
12
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weights were the same for both classes and in the other the 
purebred Duroc Jersey pigs averaged 1 pound heavier than their 
half-Yorkshire litter mates. The unweighted average difference 
in favor o f the crossbreds in all nine comparisons is a little over 
6 pounds. When the averages are weighted by the number of 
pigs in each trial, the average difference is reduced to a little 
less than 4 pounds in favor of the crossbreds. Figure 3 shows 
that the Yorkshire crossbreds, including the three-way crosses, 
tended to be heavier at weaning time than the Poland-Duroc 
crossbreds. The Poland China-Duroc Jerseys in turn were heavier 
than either the purebred Poland Chinas or the purebred Duroc 
Jerseys.
The feed lot data are based on somewhat smaller numbers than 
the weaning and farrowing data, since only part of the pigs 
* weaned were fed out experimentally. In all four cases (table 2)
where Poland China-Duroc Jersey crossbreds can be compared 
to purebred litter mates in the feed lot, the crossbred pigs gained 
more rapidly than the purebreds. In 1931, seven purebred Duroc 
Jerseys gained more rapidly than eight Duroc Jersey-Yorkshire 
mates. However, this particular group of crossbreds had rather 
low gains (fig. 4 ). The average o f all crossbreds is higher than
Fig. 3. Average weaning weights of the pigs from the various crosses.
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% YOEld 50 50 50
PERCENTAGE OF BLOOD FROM EACH BREED
Fig. 4. Average daily gains for pigs of the various kinds of breed&g, from 
weaning (60 days) to market weight.
the average o f all purebreds.
The differences found in economy o f gain vary, as will be seen 
in the last column o f table 2. The first year, 18 pounds less feed 
were required to produce 100 pounds o f gain on the crossbreds 
than orr,t]ie purebreds. The next year the difference was 48 pounds 
in favor o f the crossbreds. In the other three trials where pure­
breds were compared directly with crossbred litter mates, the 
largest differences Tound were 8 pounds in two trials favoring the 
crossbreds and 6 pounds in one trial favoring the purebreds. The 
average difference is 23 pounds less feed for the crossbreds 
when the average is weighted by the number o f pigs and 16 pounds 
when each year’s experiment is given equal weight. Figure 5 is 
a summary of all groups. If the averages are taken from it, com­
paring all crossbreds with all purebreds, the difference is again 
about 23 pounds less feed for the crossbreds. This comparison, like 
those made earlier from figs. 1 to 4, assumes that other causes 
o f differences between years and between litters will approxi­
mately cancel each other, to leave the differences as shown in the 
graph at about the real value. This assumption is probably fairly 
close to the truth.
14
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This work was carried out over a period o f 8 years and not 
all o f the types o f breeding were represented in any one year. 
If the environmental differences from year to year had any great 
effect on the pigs’ ability to produce pork or if the sows in one 
group were distinctly better mothers than those in another group, 
then the small differences found between the different types of 
breeding might possibly have been caused by these things or by 
chance which, in such small groups as those used in these tests, 
might have resulted in some groups averaging better (or worse) 
than is really typical o f pigs o f that breeding. These things, 
rather than an inherited ability to make faster gains or a better 
use of feed, might either have caused the observed differences or 
might have made them smaller than they should have been.
In order to get some estimate o f the dependability o f these 
findings, a statistical analysis was used on various parts o f the 
data which were adapted to such methods. It was found that 
groups o f pigs of the same breeding but farrowed in different 
years or produced by a different group of sows, or both, might 
sometimes differ from each other more than groups o f pigs of 
different breeding but born in the same year. (See tables 10, 11 
and 12, Appendix.) Consequently, comparisons between groups
Fig. 5. Feed required per 100 pounds of gain from weaning to market weight.
15
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of pigs farrowed in different years or even in the same year but 
by different sows were open to some question. The double-mated 
litters offer a more reliable measure o f the effects of the different 
types of breeding, since the differences between sows and between 
years are eliminated. The differences in the double-mated litters 
generally favored the crossbreds over their purebred litter mates, 
although those differences were sometimes too small or inconsistent 
to have_ been considered conclusive if they had been considered 
alone without regard to any other data. For example, weaning 
weights were taken on nine double-mated litters, each o f  which 
included both purebred Poland China pigs and crossbred Poland 
China-Duroc Jerseys (see table 10, Appendix). In these litters 
there were 29 purebred pigs which averaged 36.14 pounds at 
weaning age and 31 crossbreds which averaged 39.71 pounds. 
The statistical analysis showed that this difference would be 
expected to occur by accident only about once in 20 times. The 
same sort o f thing was found in comparing 31 purebred Duroc 
Jerseys with 31 crossbred Poland China-Duroc Jersey litter? mates 
and in comparing six purebred Poland China pigs with 21 Poland 
China-Yorkshire crossbred litter mates. When the weaning 
weights o f eight purebred Duroc Jerseys were compared with 12 
Duroc Jersey-Yorkshire litter mates, the advantage was found 
to favor the purebreds but the amount o f data was too small 
for the difference to be statistically significant. However, the 
Yorkshire is a breed o f smaller size than the Duroc Jersey.
When considering average daily gain the most significant differ­
ence is between 24 purebred Poland China pigs and 18 Poland 
China-Duroc Jersey litter mates. The purebreds averaged 1.34 
pounds per day and the crossbreds 1.47 pounds. With this amount 
o f data such a difference could be expected to occur purely by 
chance only about three or four times in a hundred trials. Seven 
purebred Duroc Jersey pigs showed an advantage o f .19 pounds 
o f gain per day over eight Duroc Jersey-Yorkshire litter mates, 
but again the amount of data is too small to warrant extreme 
confidence if conclusions were based on it alone. Sixteen pure­
bred Duroc Jersey pigs gained .11 pounds per day less than their 
nine Poland China-Duroc Jersey crossbred litter mates, which in­
dicates a probable breeding difference, but with such small num­
bers it could possibly have been accidental. Within double-mated
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TABLE 3. COMPARISON OF CROSSBRED AND PUREBRED 
BROOD SOWS.
Crossbred
sows
Purebred
sows
Advantage
for
crossbreds
Total litters farrowed 18 20
Total number of pigs farrowed 191 184
Average size of litter 10.6 9.2 1.4
Average birth weight of litter 30.9 26.2 4.7
Average birth weight of pigs 2.91 2.85 .06
Total pigs weaned 162 137
2.15Average number of pigs weaned per litter 9.00 6.85
Average weaning weight of litter 339 275 64
Average weaning weight of pigs 37.7 40.1 -2.4
Percentage of pigs farrowed that lived to weaning 85 74 11
litters producing other types o f breeding, the numbers of pigs and 
the differences were too small to be proof of real differences, al­
though they were indications. Where a statistical treatment of 
economy of gain was possible, a difference favoring the crossbreds 
over the purebreds was found, but the amount o f data was too 
small to prove the case.
Table 3 shows the data bearing on the relative merits o f cross­
bred and purebred sows as breeding animals during the 4 years 
in which both purebred and crossbred sows were used. The data 
show an advantage for the crossbred sows in each of the points 
compared except average weaning weight o f individual pigs. As 
can be seen from table 1, in 1931 three o f the five purebred sows 
were Duroc Jerseys. All other purebred sows in this comparison 
were Poland Chinas. All crossbreds were Poland China-Duroc 
Jersey crosses.
Summary
The work at the -Iowa Station indicates a small but general 
superiority o f crossbred pigs over purebreds as efficient producers 
o f pork. The differences in birth weights are small and rather 
inconsistent, but the crossbreds show rather definite indications of 
being more vigorous at birth than the purebreds in that a greater 
percentage of those farrowed lived to weaning time. In weaning 
weights the crossbred pigs showed a greater and more consistent 
advantage than in birth weights. In rate of gain and economy 
of gain in the feed lot the crossbreds were generally superior to 
the purebreds by a small margin. The results on types of breed­
ing other than crossbreds and purebreds are based on toe small 
numbers and the results are too inconsistent to support dependable 
conclusions.
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The crossbred sows that were used as breeding stock in this 
work were superior to the purebred sows as pork producers, 
especially in number of pigs weaned per litter and in percentage 
o f pigs farrowed that were raised to weaning age.
For reasons not entirely clear the purebred and crossbred pigs 
were not distributed within double-mated litters as would be ex­
pected if that distribution were controlled entirely by chance. 
There is evidence that certain boars have the ability to get more 
than their share o f the pigs in a double-mated litter but this seems 
to hav6 nothing to do with order o f service or with the breed o f the 
boar or sows.
DANISH LANDRACE AND POLAND CHINA CROSSES 
Description and Source of Data 
Four females and two malesc o f the Danish Landrace breed 
o f swine, all unrelated or nearly so, were brought to the Iowa 
Agricultural Experiment Station in 1934. They were part o f 
an importation made by the United States Department oT  Agricul­
ture in the same year. Since that time the herd has been some­
what increased in size by the retention o f young animals in the 
herd. The inbreeding has been held near the minimum possible 
with the relatively small numbers in the herd and with no intro­
duction o f outside blood. In order to maintain the breeding o f
TABLE 4. A SUMMARY OF COMPARISONS OF THE LANDRACE-POLAND 
CHINA CROSSBREDS W ITH THE PUREBRED PARENT BREEDS.
Purebred Poland 
China
Landrace x Poland 
China crossbreds
Purebred
Landrace
1936 1937 | Total 1936 1937 1 Total 1936 1937 Total
Number of litters farro\ved.. 
Average size of litters far-
3 13 16 4 6 10 5 5 10
rowed ................................
Average birth weight per
8.67 9.08 9.00 9:50 7.00 8.00 10.20 10.00 10.10
Pig .......................................
Average birth weight per
3.10 2.93 3.02 3.43 2.84 3.12 3.79 3.28 3.54
litter .......... ........................
Average size of litters
26.9 27.3 27.2 32.6 19.9 25.0 38.7 32.8 35.7
weaned ..... ..........................
Percent of pigs farrowed
4.33 5.00 4.88 6.25 5.17 5.60 7.40 5.80 6.60
that were weaned...............
Average weaning weight
5 (1.0 55.1 54.2 65.8 73.8 70.0 72.5 58.0 65.3
per pig ...............................
Average weaning weight
41.9 45.4 44.8 46.8 51.1 49.2- 45.2 47.9 46.4
per litter ............................
Number of litters* fed out
(82 227 218 293 264 276 335 278 306
on test ............................... 0 5 5 2 5 7 5 5 10
Average daily gain.............. 1.35 1.35 1.67 1.45 1.56 1.64 1.31 - 1.48
Pounds feed per cwt. gain.. ....  404 404 400 387 394 385 425 
'
405
Four pigs from each litter.
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the original importation as long as possible, the older animals 
have been retained in the herd as long as they have remained 
productive.
In the fall o f 1936 and in the fall o f 1937, a few litters were 
produced by crossing a Landrace boar on purebred Poland China 
sows. A  part o f these pigs were fed in Record o f Performance 
lots and compared with purebred Poland China and purebred 
Landrace pigs. Table 4 is a general summary o f comparisons 
o f these three types o f pigs.
Summary
The crossbred pigs were more vigorous than those o f either 
pure breed, as shown by the larger percentage o f those farrowed 
that lived to weaning age. The crossbreds were also heavier at 
weaning age than the pigs o f either pure breed. The total average 
weight o f the crossbred litters is less than that o f the purebred 
Landrace but more than that o f the purebred Polands and more 
than the average o f the two pure breeds. The crossbreds also made 
faster gains in the feed lot and required slightly less feed for a 
hundred pounds o f gain than either group o f purebreds.
The evidence from these data points to the same general con­
clusion as was reached in the previously described work. Here 
again the differences indicate an advantage for the crossbreds, 
especially in vigor o f the young pigs and in rate and economy of 
gain in the feed lot. The numbers o f pigs and the differences are 
too small to be certain from them alone that the advantages shown 
are due to the crossbreeding, but they point in the same direction 
as the other evidence.
DATA FROM THE IOWA EXTENSION SERVICE
Some additional information on the general subject of cross­
breeding swine for pork production is furnished by E. L. Quaife 
o f the Iowa State College Agricultural Extension Service in data 
from the Iowa Pig Crop Contest for the years 1927 to 1931, in­
clusive, and the Swine Herd Test for the year 1932. The Pig 
Crop Contest was conducted among the farmers o f the state to 
demonstrate practical methods of economical pork production. 
Each farmer was free to choose the breed or cross which he thought 
best. The winners were those who could produce the greatest
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TABLE 5. PIG CROP CONTEST—YEARLY SUMMARY.
Year No. of litters
No. of 
pigs
Live weight 
per litter 
at 180 <}ays
Pigs per 
litter at 
180 days
1927
Crossbred ................................... 167 1333 1364 7.98
Purebred ....... |.......................... 317 2157 1107 6.80
1928
Crossbred ................................... S3 403 1380 7.60
Purebred ................................... 219 1699 1361 7.76
1929
Crossbred .................................... 78 678 1995 8.69
Purebred ................................... 93 661 1338 7.11
1930
Crossbred ................................ 148 1274 1923 8.61
Purebred ................................... 126 1027 1461 8.15
1931
Crossbred ......................... ...... 39 314 1787 8.17
Purebred ..... /............................. 65 493 1490 7.42
Tot^l
Crossbred .................................... 485 4002 1672* 8.25*
Purebred ................................... 820 6037 1286* 7.36*
* Averages weighted according to the number of pigs or litters included.
number o f pounds o f pork per sow in a period o f 180 days from 
farrowing. In order to have eiitered the contest a farmer must 
have had at least eight sows farrow, and all sows farrowing must 
have been included in the contest. Table 5 is a summary, by 
years, o f the results concerning the purebred and crossbred pigs 
for each year o f the contest. Pigs of mixed breeding have been 
omitted. A  statistical treatment o f these figures shows that there 
is a significant difference between crossbred and purebred herds 
in pounds o f pork per litter at market age o f 180 days but that 
the difference in number o f pigs marketed per sow is hardly 
significant, although it does favor the crossbred herds. A  herd of 
crossbred pigs won the contest each of the 5 years and in 3 o f the 
5 years crossbreds were also in second place.
The Pig Crop Contest was conducted on individual farms which 
allowed the abilities of the individual farmers as feeders to play 
a part in producing the results. In the Swine Herd Test the pigs 
to be tested in a given county were brought together and fed out 
on one farm, thus putting them all under the same system of 
feeding and management. The test was conducted in three 
counties, and in each county the crossbreds averaged higher in 
daily gain than the purebreds.
In general it is the opinion of extension workers, farrpers, and 
others in contact with this type o f work that crossbred pigs gain 
a little more rapidly on slightly less feed than do purebreds. They 
also report larger litters o f more vigorous pigs at farrowing and 
weaning time when crossbreeding is practiced.
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OTHER PUBLISHED MATERIAL ON CROSS­
BREEDING OF SWINE
Experimental work on crossbreeding o f hogs is not new. W ork 
of this kind has been done for many years. Most of the experi­
menters have reported some degree o f advantage for crossbreeding 
but with much individual variation in the results. Some of the 
more recent results are mentioned here.
Hammond (3 ) studied the weights of hogs o f several breeds 
and crosses at several ages up to about 11 months, as shown at 
the Smithfield Stock Show in England. He says, “ In several cases 
the cross is larger than the heavier of the parent breeds . . . Ih 
many instances where the difference in weight between the breeds 
crossed is large, the cross, although not actually heavier than the 
largest parent, is heavier than the mean of the parent breeds.”
Callsen (1 )  says that the results o f four swine feeding experi­
ments conducted in Germany give only an approximate idea of 
the usefulness of different breeds, but they have shown in general 
that the best feeding qualities for fattening were obtained from 
a healthy crossbred animal with a natural capacity for fattening 
received from the purebred parents. The crossbreds were not 
kept as breeding stock after the first generation.
In its annual report for 1927 the Illinois Agricultural Experi­
ment Station describes the performance o f some crossbred and 
purebred offspring produced by double mating a Duroc Jersey 
boar and a Poland China boar with Duroc Jersey and Poland 
China gilts. In a preliminary test on one double-mated litter, 
the two purebred pigs averaged 185 pounds at & months of age 
and the four crossbreds averaged 235 pounds at the same age. 
These pigs were not in a definitely planned experiment but both 
groups were raised under similar conditions. In the first year of 
the planned experiment there were two lots of 5 and 6 purebred 
pigs and two lots of crossbreds containing 7 and 14 pigs, respec­
tively. The pigs in the purebred lots made daily gains o f 1.53 
and 1.57 pounds with feed requirements o f 391 and 401 pounds 
per 100 pounds o f gain. Those in the crossbred lots made daily 
gains o f  1.77 and 1.64 pounds at feed requirements of 400 and 
378 pounds. In a second year of work, the unpublished data, 
which were supplied to us by the Illinois station, show little 
difference in the average daily gain of 26 purebreds and 16 cross-
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breds, the actual figures being 1.49 pounds for the former and 
1.50 pounds for the latter. The feed requirement for the pure- 
breds was 426 pounds for 100 pounds o f gain, compared to 418 
pounds for the crossbreds. In a third year, 27 crossbreds averaged 
1.79 pounds in daily gain compared to 1.71 pounds for 29 pure- 
breds. The crossbreds in this year used 405 pounds of feed for 100 
pounds o f gain compared to 398 pounds for the purebreds. In 
verbal summaries and comments which have appeared in annual 
reports and in agricultural papers, the Illinois workers have stated 
that these experiments did not show a statistically significant 
difference in favor o f the crossbreds. With characteristics show­
ing as much individual variability as these do, it would require 
a large amount of data to establish with high statistical significance 
the reality o f average differences as small as 10 percent or less. 
The lack o f statistical significance may possibly have been due to 
the scantiness o f evidence. The actual averages from the Illinois 
station show roughly the same amount o f difference in average 
daily gain in favor of the crossbreds as was found^by most 
workers, although the difference in feed requirements fs smaller.
Shaw and MacEwan (1 5 ), o f the University o f Saskatchewan, 
in reporting the weaning weights o f 91 purebred pigs and 700 
crossbreds produced by various combinations of five breeds, give 
the average weight o f all purebreds as 35.7 pounds as compared 
with 39.4 pounds for all crossbreds. In the feeding trials 77 
purebred pigs gained an average of 1.15 pounds per day and 
required 440 pounds o f feed for each 100 pounds o f gain as 
compared to 1.24 pounds daily gain and a feed requirement of 
429 pounds for 325 crossbreds.
McMeekan (8 ) in Australia compared purebred, crossbred and 
grade litters up to 56 days o f age and says, “ The purebreds com­
pared very favorably with the first-cross litters and the grade 
litters by the purebred boars. The figures do not, therefore, 
support the contention often made that it is necessary to go to 
the first cross to obtain prolificacy, thriftiness, and rapid rate of 
growth.”  In his data, 202 litters o f purebred pigs o f four breeds 
had a death loss o f 21.2 percent up to weaning time, as compared 
to 12.8 percent mortality for the 65 litters making up the various 
crossbreds. The average number o f  pigs in the crossbred litters 
was slightly smaller at birth but slightly larger at weaning time
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than in the purebred litters.
In a study of the records o f the Smithfield Livestock Show in 
England for the years 1914 to 1933, inclusive, 'Whetham (23) 
found that at a weight o f 60 pounds the purebreds were slightly 
younger (.93 days), but at heavier weights the crossbreds were 
younger. At 225 pounds the crossbreds averaged 10 days younger 
than the purebreds o f the same weight. In another study o f data 
taken from the same source, in which the average daily gains of 
all crossbreds are compared with those o f all pigs o f 12 pure breeds 
for the years 1924 to 1936, inclusive, it was found that for the 
13 years the crossbreds averaged 1.28 pounds per day while the 
purebreds averaged 1.21 pounds. In only 2 o f the 13 years did 
the average o f the purebreds excel that of the crossbreds.
Several other European workers report experiments, all of 
-» which show varying degrees o f advantage for crossbred pigs over 
purebreds.
The Minnesota Agricultural Experiment Station in 1928 began 
an experiment in which three types o f crossbreds were produced: 
First-cross, three-breed cross and back-cross. All were found 
| superior to the purebreds, with the three-breed cross having the 
greatest advantage. Crossbred sows were more efficient producers 
of pork than purebreds, producing litters which averaged from 
two-thirds to two more pigs per sow at weaning time and from 5 
to 7 pounds more per pig at weaning time. The litters from the 
crossbred sows averaged from 63 to 96 pounds heavier at weaning 
time than the litters from the purebreds. The crossbred pigs 
reached a weight o f 225 pounds from 17 to 22 days earlier than 
comparable purebreds and required from 27 to 36 fewer pounds 
o f grain to do so.
The Missouri Agricultural Experiment Station reports a com­
parative feeding trial in 1936, in which 20 purebred Duroc Jersey 
pigs and 20 purebred Poland China pigs were compared with 20 
pigs representing reciprocal crosses o f the two breeds. The cross­
bred pigs made an average daily gain o f 1.34 pounds per day and 
required 320 pounds of feed per 100 pounds of gain. The pure­
bred Poland Chinas averaged 1.26 pounds in daily gain on a feed 
requirement o f 300 pounds for each 100 pounds o f gain. The 
purebred Duroc Jerseys gained 1.08 pounds per day and required 
317 pounds of feed per 100 pounds of gain.
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Kyzer and Clyburn, of the South Carolina Agricultural Experi­
ment Station, report the results from a Poland China sow double- 
mated to a Poland China and a Duroc Jersey boar. The litter 
thus produced contained four crossbred pigs and three purebred 
Poland Chinas. Three crossbred and two purebred pigs were 
raised, fed separately after weaning, and carried to a final weight 
of 200 pounds. The crossbred pigs averaged 64 pounds at the 
beginning o f the feeding period, made an average daily gain of 
1.92 pounds and consumed 311 pounds o f corn and 19 pounds 
o f fishmeal per 100 pounds o f gain. The purebred pigs averaged 
56 pounds at the beginning of the feeding period, made an aver­
age daily gain of 1.86 pounds and. consumed 333 pounds o f corn 
and 21 pounds o f fishmeal per 100 pounds o f gain.
At the North Dakota Agricultural Experiment Station, Shep- 
perd and Severson (17) fbund no advantage, either in rate of 
gain while on feed or in desirability o f carcass for Wiltshire sides, 
for crosses between lard and bacon breeds o f hogs over the pure 
breeds. Their studies involved 386 purebreds of the bacpn breeds, 
635 purebreds of the lard breeds and 311 crosses between lard and 
bacon breeds. Their work was done over a period o f 7 years be­
ginning in 1925 and ending in 1931.
Robison (14 ), at the Ohio Agricultural Experiment Station, 
compared 23 purebred litters of three breeds with 20 litters pro­
duced by various first crosses o f the same breeds. He also com­
pared 13 purebred litters o f two breeds with 11 litters produced by 
mating crossbred sows with boars of a third breed. The following 
table is a summary o f his results.
TABLE 6. A SUMMARY OF THE RESULTS OF THE OHIO EXPERIMENT.
Breeding
No.
of
lit­
ters
Pigs per lit­
ter at birthi
Pigs per 
litter 
at
weaning
Average 
daily 
gain to 
weaning
Pigs pel 
litter 
at 6 
months
Average 
daily 
gain to 
6 monthsLive Dead
Purebreds ............. ......... . 23 7.7 .5 5.5 .59 5.3* .89*
First-cross ...................... 20 9.1 .2 6.7 .70 6.7* 1.04*
Purebreds ................... ;.. 13 9.3 .3 6.7 .54 6.7* .90*
Three-breed cross ........ 11 9.2 .4 7.5 .59 7.6* .98
* 1938 spring litters not included in these figures, since the feeding trials for those 
pigs were not finished when this summary was made.
The following data were furnished by the Bureau o f Animal 
Industry, United States Department o f Agriculture, from breed­
ing experiments conducted over a period o f 6 years (1927-32) at
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the United States Range Livestock Experiment Station, Miles 
City, Montana, in cooperation with the Montana Agricultural 
Experiment Station. Purebred animals of the Chester White and 
Yorkshire breeds were used.
Matings were planned each year to produce a group o f pure­
bred Yorkshire pigs, a group o f purebred Chester White pigs and 
two groups o f crossbred pigs, one from Chester White dams 
mated with Yorkshire boars and the other from Yorkshire dams 
mated with Chester White boars. Both mature sows and gilts 
were used to produce pigs, the gilts farrowing their first litters 
at approximately 1 year o f age.
The pigs were weaned when about 70 days of age. They were 
immediately placed on irrigated alfalfa pastures and self-fed grain, 
tankage and minerals, until they reached market weight. From 
1927 to 1931, inclusive, the grain fed to each of the four groups 
was ground barley. In 1932 ground wheat was used in place of 
ground barley. The pigs were fed to market weight in four 
separate groups according to their breeding.
The results of these tests are shown in table 7 and table 8. 
Although there was little difference in the size o f litters farrowed 
or in the average birth weight o f the pigs in the different groups, 
there was a considerable advantage, on the average, in the cross­
bred pigs at weaning, both in the number of pigs weaned per 
litter and in weaning weights. That the crossbred pigs were more
TABLE 7 SUMMARY OF PRODUCTION DATA FROM BEGINNING OF 
BREEDING SEASON UNTIL WEANING, 1928-32*. UNITED STATES RANGE 
LIVESTOCK EXPERIMENT STATION, MILES CITY, MONT.
Parents
N
o.
 o
f 
lit
­
te
rs
 f
ar
ro
w
ed
A
ve
ra
ge
 n
o.
 o
f p
ig
s 
fa
rr
ow
ed
 p
er
 l
it
te
r 
' .l
O-
at 
.;l 
■ *;
V, 
• 1
A
ve
ra
ge
 w
ei
gh
t 
at
 b
ir
th
 i
n 
lb
s.
A
ve
ra
ge
 
pi
gs
 
w
ea
ne
d 
pe
r 
lit
te
r
A
ve
ra
ge
 w
ei
gh
t 
at
 
70
 d
ay
s 
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.
Pounds of feeds consumed 
per 100 lbs. of pigs weaned
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s
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nc
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A
lfa
lfa
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y
Yorkshire ..................... 1 38 10.6 2.40 7.6 38.4 564 26.7
1 ' 2.2
1
593 49.2
Chester White ............. 36 9.8 2.38 6.6 39.4 1 633 1 33.0 I 3.5 669 69.3
Yorkshire boar and i 1
Chester White sows... 29 9.9 2.49 7.4 42.7 1 546 1 27.8 I 3.9 578 83.5
Chester White boar and 1 m
Yorkshire sows.......... 1 29 10.1 2.42 8.0 42.8
1
|515
1
1 25.6 2.0
1
543 61.5
* The breeding herds of sows were not maintained in experimental groups during 
the 1.927 gestation period.
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TABLE 8. SUMMARY OF GAINS AND FEED CONSUMPTION OF HOGS, 
1927-32, UNITED STATES RANGE LIVESTOCK EXPERIMENT 
STATION, MILES CITY, MONT.
N
o.
 o
f 
pi
gs
Average weights 
in pounds
Average gains 
in pounds
Pounds of feed consumed 
per 100 lbs. of grain
Parents
In
iti
al
Fi
na
l
To
ta
l
D
ai
ly
G
ra
in
Ta
nk
ag
e
M
in
er
al
s
To
ta
l
Yorkshire ......................... 235 40.1 176.5 136.4 1 1.21 362 11.2 1.2 375
Chester White .................
Yorkshire boar and Ches-
136 42.5 191.2
■
148.7 1.30 384 17.1 1.8 403
ter White sows..............
Chester White boars and
229 44.9 197.5 152.6 I 1.35 358 11.9 1.3 371
Yorkshire sows.............
•
247 45.3 195.3 150.0 1.33 359 10.6 1.1 370
vigorous at birth is shown by the lower death losses during the 
suckling period. Yorkshire dams producing purebred pigs weaned 
78 percent o f those pigs which were alive when farrowed, while 
those producing crossbred pigs weaned 84 percent. The Chester 
White dams producing purebred litters weaned 72 percent of 
those farrowed alive, while those producing crossbreds yeaned 78 
percent. The Yorkshire and Chester White sows farrowing cross­
bred pigs weaned 0.4 and 0.8 more pigs per litter than sows o f the 
same breeds producing purebred pigs. At weaning the crossbred 
pigs were also heavier than the purebreds. There was also an 
increased economy in the production o f weanling pigs in the cross­
bred groups, amounting to 9 percent for the pigs from Yorkshire 
sows and 14 percent for the pigs from Chester White sows.
From weaning to market weight, there was very little difference 
in the rate or economy of gains of the two crossbred groups. Each 
o f these groups made somewhat more rapid gains and utilized 
their feed somewhat more efficiently than either group of pure­
breds.
GENERAL DISCUSSION AND PRACTICAL 
APPLICATIONS
Scarcely any one piece of work, especially among those in which 
small numbers o f pigs were used, appears enough by itself to 
prove beyond question that there is a real advantage in favor o f 
crossbreeding, yet almost every piece o f work indicates that such 
a difference is probable. The combined weight of all this scattered 
evidence appears overwhelming. Some confusion and apparent
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conflict have arisen because in discussing these individual experi­
ments some writers have implied that unless, their own data proved 
with “ statistical significance”  a real advantage for crossbreeding, 
it should be assumed that no advantage existed, whereas others 
have gone to the other extreme and have accepted at its face value 
the advantage their data showed, without considering how much 
too large or too small that advantage might have been made to 
seem by circumstances not perfectly under the experimenter’s con­
trol. For example, most of the differences found in the Iowa 
experiments are of such size that there is only about one chance 
in 15 or 20 that they could have occurred because o f accidental 
differences between groups as small as these and consisting of pigs 
which varied individually as much as these did. While these odds 
fall a little short of the level conventionally regarded as necessary 
fen* statistical significance if they stood alone, they cannot there­
fore be dismissed as meaningless. Instead, they by themselves in­
dicate strongly that crossbreds generally .exceed the average o f the 
parental breeds in the characteristicS-Studied here.
With small numbers it is to be expected that some experiments 
would show no advantage for crossbreeding, since characteristics 
such as growth rate, vitality and fertility are widely variable with­
in breeds, within herds and even within litters. I f the real average 
of all crossbreds and all purebreds were the same, then we would 
expect nearly half the workers with small numbers to report an 
advantage for the crossbreds and nearly half to find an advantage 
in favor of the purebreds, with a few reporting no difference in 
either direction. However, nearly all those who have studied this 
question have found advantages (not always “ statistically signi­
ficant”  ones) for the crossbred pigs, and therefore the conclusion 
seems unescapable that, in general, crossbred pigs tend to be some­
what more vigorous and thrifty than would be expected from the 
average of the two parent breeds. Because o f this added vigor 
the crossbreds generally show a lower death rate up to weaning 
time and consequently larger and heavier litters weaned. Also, 
they generally gain weight a little more rapidly on a little less 
feed than the purebreds. For the same reasons the crossbred 
gilts or sows, when used for breeding purposes, can be expected 
to wean slightly larger and heavier litters than purebreds, but 
these things should not be expected to happen every time a cross
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is made any more than slightly loaded dice would be expected to 
turn up a winning combination every time they were thrown.
Three general systems o f crossbreeding are available to market 
hog producers. Probably the most commonly used plan of' the 
three at present is to use purebred (or very high grade) sows or 
gilts o f one breed and a purebred boar or boars o f another breed 
in producing each pig crop. This plan is simpler to follow than 
the other two methods and produces pigs o f a uniform color, 
which with the other plans is not always the case after the first 
cross./Tt has the disadvantage that it is necessary to make replace­
ments to the sow herd from outside sources, since none of the 
crossbred gilts is saved for breeding purposes when this plan 
is followed. These replacements can be purchased from breeders, 
or, if the market hog producer can afford to keep two boars, he can 
breed some of his best purebred §ows to a boar o f the same breed 
and select his replacements from these purebred litters.
A  second general plan for crossbreeding is one which is some­
times called crisscrossing” . This plan makes use o f the added 
vigor o f crossbreds as dams and nurses by using the crossbred 
gilts from the first cross and mating them back to a boar o f  the 
same breed as one o f their parents. Thereafter, boars o f the two 
breeds are alternated in producing each new generation of pigs 
from dams saved from the last generation.
The third general method o f crossbreeding is similar to the 
1 “ crisscrossing”  plan, except that boars o f three (or more) breeds 
are rotated as sires o f each new generation o f pigs. . Gilts are 
saved from each new generation of pigs to produce the following 
pig crop. Figure 6 shows how the pedigrees o f pigs produced by 
several generations o f “ crisscrossing”  or by several generations 
o f three-breed crossing would look if the breeds used were 
those shown. When two breeds are alternated for a few genera­
tions without interruption or irregularity, the pig crop o f any 
given year will get approximately two-thirds of. its inheritance 
from the breed o f their sire and one-third from the breed of the 
previous sire. Under three-breed crossing the breeding soon 
approaches four-sevenths of the blood o f the sire’s breed, two- 
sevenths o f the blood o f the previous sire’s breed and one-seventh 
o f the blood o f the breed used one generation further back.
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PC. 67% 
D.J. 33%
" Poland China Boar
C Duroc J erse y  Boar
-Poland China B oar
- D u roc J ersey  Boar
P C .32 % 1  
'  D .J .66% '
P .C .66% , 
D. J  34-%
1
- °»?-i /'P o lan d  China Boar
D. J. €>D /©
P C .6 3% 1  
D.J 3 7 %  ]
CRISS-CROSSING _ R C. 2 5 % 4 
D.J. 7 B %
- D uroc Jersey Boar
✓ -Poland China Boar
WP.C.50%J  
D.J. BO%l
S D u roc Jersey Sows
-Poland China Boar
-D uroc J erse y  Boar
C hester Whi+e Boar
Poland China Boar
D uroc J erse y  B oar
C h e ste r  Whi+e Boar
THREE-BREED CROSSING Poland China Boat
D u ro c  J e r s e y  Sow s
Fig. 6. An llustration of the pedigrees of pigs after several generations of “ criss­
crossing”  and three-breed crossing.
There is some reason to believe that pigs produced by either 
“ crisscrossing” or three-breed crossing might be expected to show 
more vigor than those produced by the first described plan of 
crossbreeding, but the added complexity and difficulties encoun­
tered may make these plans impractical for some producers. 
Under either o f these two plans, the color patterns of any given 
pig crop after the first cross cannot be expected to be uniform 
unless sired by a boar that was pure or homozygous for a domin­
ant coat color. This point is probably of little importance in the 
market hog but perhaps it should be considered because of the 
personal preference of some producers. Another disadvantage of 
these two plans is that when any of thek breeding sows are re­
placed it becomes necessary to replace all o f them, unless the herd, 
is large enough that more than one boar is used. Otherwise it 
would be difficult to prevent the occurrence o f a hopeless mixture 
of breeding in following generations. This means little or no
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culling of the sow herd and the use o f the same breed of boar if 
the old sows are to be carried over into the second year or else 
the complete replacement o f the herd each generation with gilts 
from the last crop. I f  the producer is raising only one crop of 
pigs per year this difficulty is not serious.
Crossbreds often win prizes in the market barrow classes at 
shows, but that tells us little about the general conformity of 
crossbreds to market ideals, since we lack information about what 
proportion o f the exhibited pigs are crossbreds and, moreover, 
have some reason to suppose that the crossbred pigs are often the 
best individuals in the entire crop whereas the purebred barrows 
are more likely to be those thought not worth keeping for use as 
boars.
Both practical and experimental breeders have generally found 
that crossbred plants and animals, show somewhat more vigor and 
growthiness than their parents. This occurs so frequently that 
it has been given special names such as “ hybrid vigor”  or “ heter­
osis . The amount o f heterosis varies in different crosses. In 
some crosses it does not occur and in others it may be extreme. 
In general, the amount o f heterosis can be expected to be large 
when the parents are very unlike in their heredity and small 
when the parents have much the same heredity, but there are 
many exceptions to this.
Corn breeders have made use of the principle o f heterosis in 
producing the “ hybrid”  seed corn which is now being used exten­
sively in the Corn Belt. An extreme form of inbreeding (self- 
fertilization) is used for several generations. This causes the 
various lines or strains to drift apart genetically-(become more 
unlike each other in their heredity) and “ fixes”  or purifies the in­
heritance, undesirable as well as desirable, in each of the lines so 
produced. The pure lines which survive are then crossed, ex­
perimentally, to determine which crosses will produce the greatest 
amount o f hybrid vigor. Out o f many lines started, a few may 
be found that give good results. The large number o f plants and 
lines that must be discarded because o f the undesirable characteris­
tics which are “ fixed”  by such rapid inbreeding is not a great 
disadvantage in the case o f corn, because the cost o f the breeding 
stock is relatively low. Breeders o f sugar beets make extensive 
commercial use o f the same general principles, except that spgar
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beets cannot practically be self-fertilized and hence the inbreeding 
used is like the continuous mating o f full brother and sister.
The animal breeder is faced with a more difficult problem. His 
most rapid rate of inbreeding is less than half as intense as the 
self-fertilization that can be used by the corn breeder. Further­
more, the comparatively high cost of his breeding stock makes it 
necessary, as a rule, to proceed much more cautiously. Even a 
mild rate o f inbreeding fixes some undesirable characteristics and 
a rapid rate of inbreeding usually requires such drastic culling 
that completely acceptable replacements cannot be produced fast 
enough to care for natural death losses.
Since most o f our present day breeds o f hogs have been bred 
for many generations without intercrossing with other breeds, it is 
inevitable that at least a small amount o f inbreeding should have 
taken place within each breed.3 This means that the various breeds 
have slowly drifted apart in their genetic make-up, even though 
they may have been selected toward the same outward conforma­
tion and physiological performances. Consequently any two 
animals taken at random from two separate breeds are likely to be 
further apart genetically than two animals taken at random from 
the same breed. Therefore the effect of heterosis is likely to be 
greater in the offspring o f two animals o f two separate breeds than 
in the offspring o f two animals of the same breed, even if the two 
latter animals are not closely related.
Crossing two distinctly unrelated strains or families within a 
breed would be expected generally to produce heterosis but in a* 
lesser degree. Not often do strains or families within breeds 
become different enough genetically to produce much heterosis 
when crossed. They are intercrossed with each other frequently 
enough that they simply do not have a chance to drift far apart. 
Whenever a certain strain becomes popular, blood from that strain 
is soon introduced into most of the other herds of that breed, and 
most o f the genetic distinctness o f that strain from the rest of 
the breed soon disappears.
3 The actual inbreeding in most pure breeds is intense enough to “ fix”  or make 
homozygous about one-half of 1 per cent of the unfixed inheritance each generation. 
Lush and Anderson of the Iowa Station found that the.Poland China breed in the 
United States probably lost about 14 per cent of its heterozygosis during the 44 
years from 1885 to 1929. According to Knud Rottensten, of the Royal Veterinary 
and Agricultural College, Copenhagen, the Landrace breed in Denmark lost about 
7 percent of its heterozygosis during the 33 years from 1897 to 1930. While these 
rates of change are so extremely mild that perhaps they should scarcely be called 
inbreeding, yet they can cause noticeable changes if continued for enough generations.
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For characteristics determined by the animal’s own genetic 
make-up or inheritance., the effect o f heterosis is expected to be 
greatest in the first generation o f the cross; that is, in the animals 
produced by crossing the purebred parents. For characteristics 
which are largely determined by the producing and nursing ability 
o f the animal’s dam, the effect o f heterosis would be greatest in 
the offspring o f first-cross dams mated to purebred males from a 
third breed.
Crossbreeding, like any other form of wide outcrossing, usually 
is destructive o f the future breeding worth of a herd or line, but 
its immediate result is likely to be a generation o f animals of 
greater merit and vigor than would be expected from averaging 
the two parents. Therefore, wide outbreeding, even as wide as 
crossbreeding, usually gives good results in producing market 
animals, but its continuous success depends upon maintaining pure­
bred herds to furnish seed stock Tor the crossing. For producing 
the best seed stock closer and purer breeding might be helpful, 
even going so far as inbreeding if the undesirable effects o f that 
can be avoided or controlled within practical limits and \$ffh only 
very mild and occasional outcrosses (within the breed limits, o f 
course) when these are necessary to correct weaknesses. The 
breeding methods best suited for the production of seed stock 
differ from the methods best suited for the production of market 
stock and this difference seems likely to become more pronounced 
in the future, although in swine production it probably can never 
become as extreme as the difference between the methods used in 
producing hybrid seed corn and in commercial corn production. 
Crossbreeding o f purebreds for market hog production, as des­
cribed in this bulletin, is only a special application of the general 
principles underlying “ hybrid vigor”  or “ heterosis” .
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APPENDIX
Table 9 shows clearly that in double-mated litters the probability 
of the pig being crossbred or purebred varied from litter to litter, es­
pecially in 1927 and 1930. It seems unlikely that the order of service 
had any effect, since with the Duroc Jersey sows, when grouped ac­
cording to order o f service, the totals show almost the same ratio for 
the two groups. With the Poland China sows there is a difference in 
one case in favor of the boar first used, but it seems very unlikely that 
this could be significant in data showing as much variation as these 
show, i
There seems to be no general tendency either for more purebreds 
or for more crossbreds to be produced in the double-mated litters. 
With the Duroc Jersey sows the purebreds are in excess the same 
amount' with both service orders, while with the Poland China sows 
the numbers are almost equal in the one service order, but the cross­
breds are in large excess in the other.
Possibly some individual boars, regardless of breed or service order, 
excel others in their ability to fertilize the ova shed by the dam. Table
TABLE 9. CHI-SQUARE TEST FOR RANDOMNESS OF OCCURRENCE OF 
PUREBRED AND CROSSBRED PIGS IN DOUBLE-MATED 
LITTERS IN ,THE IOW A STUDY.
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1926 Poland China 11 7 4 4.15 6.85 3.14
a  tt 10 4 6 3.77 6.23 .02
“  “ 9 4 S 3.39 5.61 .18
tt tt 11 4 7 4.15 6.85 .01
a ft 11 2 9 4.15 6.85 1.79
9 2 7 3.39 5.61 .91
61 23 38 (df =  6, P =  .4) 6.05
1927 Poland China 8 0 8 4.59 3.41 10.77 *
CC tt 11 9 2 6.31 4.69 2.69
tt tt 11 11 0 6.31 4.69 8.18 *
ft if 9 8 1 5.16 3.84 3.66
if ft 12 7 S 6.89 5.11
ft “ 10 0 10 5.74 4.26 13.47 4
61 35 26 (df m  6, P < .Or)- 38.77
1928 Duroc Jersey 10 6 4 7.71 2.29 I 1.66
6 5 1 4.62 1 1.38 .14
ft ft 8 8 0 6.17 1.83 2.37
ft ft 13 10 3 10.02 2.98
*t ft 11 8 3 8.48 2.52 1 .12
48 37 11 (df =  5, P =  .5) 4.29
1929 Duroc Jersey 11 0 11 1.06 9.94 1.17
ft tt IS 0 IS 1.45 13.55 1.61ft tt 7 3 4 .68 6.32 8.77it it IS 2 13 1.45 13.55 .23<t tt 14 1 13 1.35 12.65 .10
62 6 S6 (df =  5, P =  .05) 11.88
1930 Duroc Jersey 14 2 12 2.10 11.90
10 0 10 1.50 8.50 1.76ft ft 8 4 4 1.20 6.80 -  7.69
Poland China 10 0 10 1.50 8.50 1.76 1
it tt 7 3 4 1.05 5.95 4.26 ¥tt tt 11 0 11 1.65 9.35 1.94
60 9 51 (d f =  6, P < .01) 17.41
* On the assumption that the ratio within each litter should be the same as the 
ratio for the totals of that breeding in that season.
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TABLE 10. COMPARISON OF AVERAGE WEANING WEIGHTS OF PURE­BRED POLAND CHINA PIGS WITH THEIR POLAND X 
DUROC LITTER MATES.
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1050 Mean weight | 26.71 | 38.0 
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7
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9 shows that the Duroc Jersey boar used in 1929 and 1930 excelled in 
both years in the proportion of pigs which he sired in the double- 
mated litters. This was the only case where the same boar was used 
in more than one breeding season.
Tables 10, 11 and 12 are examples of the statistical analysis used on 
certain parts of the Iowa data for estimating the reliability of com­
parisons between pigs of different breeding that were born in different 
years or were from different sows. The method of expected subclass 
numbers, as discussed by Snedecor and Cox (20), was used to over­
come the difficulties presented by the disproportionate numbers of 
pigs in full-sib groups.
The mean square between years (210.2 in table 12) is greater than 
the mean square between litters within years (145.9), although the 
difference is not statistically significant in this small sample of data. 
Also the mean square between litters within years is greater than the 
mean square between kinds of breeding withirf litters (107.4). Other 
groups of data were treated in the same way, and in some cases the 
differences were unquestionably significant. It is clear, therefore, that 
factors affecting all the pigs of one litter but not the pigs of another 
litter, or factors affecting all the pigs of one year but not those of 
another year, are important and may sometimes cause differences 
which obscure or even far overshadow differences due to breeding.
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It is these sources of variation which frequently cause the results of 
crossbreeding to differ from farm to farm and. from year to year, 
particularly where moderately small numbers are being compared.
TABLE 11. PRIM ARY ANALYSIS OF VARIANCE OF WEANING WEIGHTS.
Source of variation Degrees of freedom
Sum of 
squares
Mean
square
Total ........................... .............................................. 59 3645 61.8
Between groups of full sibs..............................S.... 17 2070 121.8
Within groups of full sibs..................................... 42 1575 37.5
TABLE 12. ANALYSIS OF VARIANCE OF W EANING W EIGHTS ADJUSTED 
FOR DISPROPORTIONATE FREQUENCY USING THE METHOD 
_____________________OF EXPECTED SUBCLASS NUMBERS.
Source of variation Degrees of freedom
Sum of 
squares
Mean
square
Between groups of full sibs............ ................... 17 2263 133.2
Between breeds .................................................... 1 341 341.0Between litters .................................................. 8 1296 162.0Interaction ....................................... 8 626 78.2
Between breeds within litters.................... ....... 9 967 107.4
Between years .............................................’ .... 2 420 210.2
Between litters within years.............. ............. ,j> 6 876 145.9
Within groups of full sibs*..... .......................... 42 1575 37.5
* From primary analysis.
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